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CHAPTER-I
SECTION-A: Total synthesis of (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one and its 6-epimer and evaluation of cytotoxic activity.
Many natural products possessing α,β-unsaturated δ-lactone moity exhibit various biological activities such as antitumor, antibacterial, antifungal and immunosuppressive properties. A natural product (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one (1a) was isolated in 2001 by Hostettman et al from Ravensara crassifolia. This compound displayed antifungal activity against the phytopathogenic fungus Cladosporium cucumerinum in a bioautographic TLC assay. Some of the compounds containing 5,6-dihydro-α-pyrone exhibiting cytotoxic activity, such as fostriecin, callystatin A, and spicigerolide. Inspired by this type of lactones showing anti cancer activity, we have undertaken synthesis of lactone 1a and extend the evaluation of the cytotoxic activity for 1a, 6-epimer 1b and its bicyclic compound 2. 




Here we described an efficient and stereoselective synthesis of α-pyrone 1a, 6-epimer 1b from (R)-2,3-O-isopropylidene glyceraldehyde 3. Wittig reaction, Brown allylation and ring closing metathesis are the key steps involved in our synthesis. The retrosynthetic analysis for (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one 1a and its 6-epimer 1b may be represented as shown in Scheme 1.







	Our synthesis began with the chiral aldehyde (3), obtained easily from D-mannitol, which was subjected to a Wittig reaction to give compound 4, in 90% yield. Hydrogenation of compound 4 over 10% Pd/C in methanol gave acetonide 5 followed on treating with conc. HCl in methanol afforded diol 6 in 97% yield. At this stage the asymmetric center of the secondary hydroxyl group in the diol 6 was inverted by the Mitsunobu reaction to give inverted diol 8 in order to match with stereochemistry of the hydroxyl in the natural product 1a at C-2′. The primary hydroxyl group in 8 was protected with tosylchloride using triethylamine and catalytic amount of Bu2SnO to produce tosylated compound 9 in 79% yield with the minor tosylation at the secondary hydroxyl group of 8. The tosylate 9 was converted to corresponding nitrile 10 in 91% yield by the reaction of KCN in ethanol and H2O (3:2) at room temperature. The secondary hydroxyl group in the nitrile 10 was protected with TBDMSCl/imidazole to give tertiary-butyldimethylsilyl ether 11 in 98% yield. The nitrile function was reduced with DIBAL-H in dry dichloromethane at -78 0C to afford the aldehyde 12 in 70% yield (Scheme 2). 















The introduction of chirality at C-6 carbon is furnished by Brown’s asymmetric allylboration. The resulting aldehyde 12 was subjected to allylboration with (-)-Ipc2BCl/ allylmagnesiumbromide (Ipc = diisopinocampheyl) and (+)-Ipc2BCl/allylmagnesium bromide to furnish the required syn 1,3-diol 13a and anti 1,3-diol 13b in 76% yield respectively (Scheme 3).








The TBDMS protected homoallyl alcohol 13a was reacted with acryloyl chloride and diisopropyl ethylamine at 0 0C in dichloromethane to afford ester 14a in 88% yield for ring closing metathesis. The ring closing metathesis was achieved with Grubbs-I generation catalyst to afford lactone 15a in 92% yield which was subjected to deprotection of TBDMS with TBAF in THF produce the natural product lactone 1a in unsatisfactory yields (30%). The low yield was circumvented by using p-toluene sulfonic acid in methanol for the deprotection of TBDMS group to yield compound 1a in 90% yield.  It has been observed that if the reaction was run for more than 10 minutes, it gave the mixture of compounds 1a and 2 in 70:30 ratio, with an overall yield of 95%.  The other diastereomer 13b was also subjected to the same sequence of reactions to realize the 6-epimer of 1b, here the side product was not observed (Scheme 4).  























Biological activities: Antiproliferative activities of 5,6-dihydro-2H-pyran-2-ones 18a, 18b and a bicyclic compound 43 were evaluated against human cancer cell lines Leukemia (THP-1 and U-937) and Melanoma (A-375). The activities of all the three compounds are described in the following table.
Table 1. IC50 values for antiproliferative activities of compound 1a, 1b and 2 against cancer cell linesa
Compound 	THP-1 (μg/mL)	U-937 (μg/mL)	A-375 (μg/mL)
1a	13.04±1.35	33.63±6.71	21.35±4.32
1b	50.93±0.98	41.47±0.84	38.96±0.49
2	10.41±0.62	32.45±13.12	32.13±0.75
Etoposideb	1.27±0.09	10.56±0.70	2.31±0.08
a Concentration that elicit inhibition by 50% of the cell growth (IC50), given in μg/mL, were determined         from nonlinear regression analysis using the Graph Pad Prism software (r2 > 0.9)
b Etoposide was employed as positive control.

SECTION-B: Total synthesis of Goniothalamin.
During the course of a program aimed at the synthesis of bioactive molecules, we selected goniothalamin 16, a naturally occurring styryl lactone was isolated in 1967 from the dried bark of Cryptocarya caloneura. Later it was isolated from Cryptocarya moschata, Bryonopsis laciniosa and various species of Goniothalamus. Gonionthalamin 16 has shown invitro cytotoxic effects especially by inducing apoptosis on different cancer cell lines [cervical carcinoma (Hela), gastric carcinoma (HGC-27), breast carcinoma (MCF-7, T47D, and MDA-MB-231), leukemia carcinoma (HL-60), and ovarian carcinoma (Caov-3)]. Goniothalamin 16 is a potent mosquito larvicide and also shows weak antibacterial and significant antifungal activity against a wide range of gram positive and gram-negative bacteria and fungi.
Here we reported an efficient and stereoselective synthesis of goniothalamin 16 from (R)-2,3-O-isopropylidine glyceraldehyde 3. Wittig reaction, Horner wodsworh-Emmons cis Wittig olefination followed by lactonisation are the key steps involved in our synthesis. The retro synthetic approach for (R)-goniothalamin 16 may be represented as shown in Scheme 5.





The synthesis of (R)-goniothalamin 16 starting from the chiral aldehyde 3, obtained easily from D-mannitol on a large scale, which was subjected to a Wittig reaction to give compound 17 in 90% yield with 4:1 E/Z selectivity. These two isomers are separated by normal silica gel column chromatography. The acetonide group was deprotected in E-isomer with 2N HCl in THF/water (8:2) to furnish the diol 18 in 92% yield. The selective protection of primary hydroxyl group with tosyl chloride in the presence of triethyl amine (using catalytic amount of dibutyl tin oxide) furnished the tosylated compound 19 in 82% yield, which was converted to corresponding nitrile 20 in 90% yield by treating with KCN in a mixture of ethanol and water (3:2) at room temperature. Subsequently, the secondary hydroxyl group in nitrile compound 20 was protected with TBDMS-Cl in the presence of imidazole to give corresponding ether 21 in 95% and followed by reduction of nitrile function with DIBAL-H in dry dichloromethane at –78 0C gave aldehyde 22 in 72% yield, which was subjected to modified Horner-Wadsworth-Emmons reaction by using methyl (bistrifluoro ethyl) phosphono acetate in the presence of NaH in THF to yield Witting product 23 in 82% yield. The TBDMS group was removed by using TBAF in THF to afford the hydroxy ester 24, which on refluxing in benzene in the presence of a catalytic amount of p-TSA afforded the target molecule goniothalmin 16 in 75% yield (Scheme 6).





CHAPTER II
Diarylheptanoids are a family of natural plant metabolites whose characteristic feature is the presences of two aromatic rings tethered by a linear seven-carbon chain. The linear diarylheptanoids having 1,3-diol system exhibit various biological activities such as antioxidative, hepatoprotective, antiproliferative, anti-inflammatory and antiemitic activities. Recent findings on the potent cytotoxic activity of diarylheptanoids having 3,5-dihydroxy system spurred us to do synthesis and extend the evaluation of the cytotoxic activity of the following diarylheptanoids. 




The diarylheptanoids 25 isolated from the male flowers of Alnus sieboldiana and are named as Yashabushidiol. 26 and 27 were isolated from Alpinia officinarum in 2002 by Takahashi et al. These two posess antiemitic activity. Here we described the first total synthesis of diarylheptanoids 25, 26 and 23 from (R)-2,3-O-isopropylidine glyceraldehyde 2. Wittig reaction and alkynylation are the key steps involved in our synthesis. The present strategy employs the preparation of series of suitably substituted 3,5-dihydroxy 1,7-diarylheptanoids. The retrosynthetic analysis for diarylheptanoids 25, 26 and 27 may be represented as shown in scheme 7.
 







Synthesis of aldehyde segment 34.
Initially the required aldehyde (R)-2,3-O-isopropylidine glyceraldehyde 3 was obtained from inexpensive and readily available starting material D-mannitol diacetonide. Oxidative cleavage of diacetonide  using sodium metaperiodate in dichloromethane at room temperature to afford the required aldehyde 3. The mono substituted benzene ring with a two carbon distance from the chirality center C-3 was achieved by the Wittig reaction on compound 3 using benzyl phosphonium bromide in THF at 0 0C to produce the olefine acetonide 28 in 95% yield. The double bond in compound 28 was hydrogenated by using 10% Pd/C in methanol under hydrogen atmosphere at room temperature to afford the saturated acetonide 29 in 98% yield. The acetonide group in 29 was removed by using 2M HCl in methanol at room temperature to afford the (S)-diol 30 in 95% yield. The primary hydroxyl group in diol 30 was tosylated by using tosylchloride and triethylamine in dichloromethane at room temperature to provide the mono tosylate 31 in 76% yield. One carbon homologation was done by the reaction of tosylate compound 31 with KCN in ethanol/H2O (3:2) at room temperature to afford the corresponding nitrile 32 in 90% yield. The secondary hydroxyl group in compound 32 was protected as tertiary-butyldiphenylsilyl (TBDPS) ether 33 by using TBDPS-Cl and imidazole in dichloromethane at 0 0C to afford the compound 33 in 96% yield. The nitrile functional group in compound 33 was reduced by using DIBAL-H in dry dichloromethane at –78 0C to afford the aldehyde 34 in 71% yield (Scheme 8).










Synthesis of alkyne segment (42 and 43).
Substituted phenyl acetylenes 42 and 43 were prepared from 4-hydroxy benzaldehyde 35 and vanillin 36 by using Corey-Fuchs reaction. The hydroxyl groups in 35 and 36 were benzylated by using benzyl bromide in presence of K2CO3 in acetone at 0 0C to room temperature to yield benzyl ethers 37 and 38 in 95% yield respectively. The benzyl group protected aldehydes 37 and 38 were subjected to Wittig reaction by using triphenylphosphine (TPP) and CBr4 in dichloromethane at 0 0C leads to dibromoalkenes 39 and 40 in 90% yield. The dibromo olefins 39 and 40 were converted into alkynes 42 and 43 using Grignard reaction conditions by treating with ethyl magnesium bromide in THF at     0 0C in 95% yield (Scheme 9).







With the required aldehyde 33 and substituted phenyl acetylenes 41, 42 and 43 in our hand, we carried out alkynylation of compound 33 with various substituted phenyl acetylenes 41, 42 and 43 by using nBuLi in THF at –78 0C to room temperature to produce each alkyne two isomeric alcohols 44, 45 and 46 in the ratio of 40:60 (syn:anti) in 90% yield (Scheme 10).







Reduction of acetylinic functionality as well as the deprotection of benzyl group in the isomeric alcohols of 44, 45 and 46 was occurred in a single step by using 10% Pd/C in methanol under hydrogen atmosphere at room temperature to afford the saturated compounds of the isomeric alcohols of 47, 48 and 49 in 95% yield respectively. Finally the tertiarybutyldiphenylsilyl group in compounds 47, 48 and 49 was removed by using p-toluene sulfonic acid (PTSA) in methanol at room temperature to afford the diarylheptanoids 21, 22 and 23 of both isomers in 94% yield. The formation of diarylheptanoids confirmed by their spectral data respectively (Scheme 11).


















Biological activities: Antiproliferative activities of diarylheptanoids 25a, 26a and 27a and their isomers 25b, 26b and 27b were evaluated in the following human cancer cell lines: Leukemia (THP-1 and U-937) and Melanoma (A-375). The activities of all six compounds are described in the following table. 
Table 1. IC50 values for antiproliferative activities of compound 25a, 26a and 27a and their isomers 25b, 26b      and 27b against cancer cell linesa
Compound	THP-1 (μg/mL)	U-937 (μg/mL)	A-375 (μg/mL)
25a	99.75±0.4	128.25±0.3	147.75±0.7
25b	40.50±0.21	187.74±10.6	164.25±0.2
26a	12.82±0.89	31.09±8.07	56.30±3.88
26b	12.62±0.69	32.99±5.03	57.78±5.02
27a	42.66±1.59	27.66±5.92	69.11±8.63
27b	72.22±4.49	32.67±4.88	75.24±3.4
Etoposideb	1.27±0.09	10.56±0.70	2.31±0.08

a Concentration that elicit inhibition by 50% of the cell growth (IC50), given in μg/mL, were determined         from nonlinear regression analysis using the Graph Pad Prism software (r2 > 0.9)
b Etoposide was employed as positive control.

CHAPTER III
Synthetic organic chemistry has always been a frontier area of research due to its impact on the material and biological sciences. The scientific community in this area is constantly involved in developing efficient methodologies, novel reactions and processes that will lead to the synthesis of desired target molecules and their derivatives with ease.  Synthetic organic chemistry is not only a tool for obtaining compounds that can be utilized for understanding biological functions or the behavior of materials, but it also leads to the creation of novel drug or drug like candidates and of novel materials with interesting properties.



1. Synthesis of quinazolinones by using lanthanum(III) nitrate hexahydrate or 
    p-toluene sulfonicacid
4(3H)-Quinazolinones are an important class of fused heterocycles with a wide range of biological activities such as anti cancer, anti inflammatory, anti convulsant, antihypertensive and anti-malarial activity. Several bioactive natural products including febrifugine and isofebrifugine contain a quinazolinone moity and possess anti-malarial activity. The synthesis of quinazolinone derivatives is achieved by cyclo-addition reactions of anthranilic acid derivatives together with a diverse range of substrates including imidates and iminohalides. However, some of these methods are associated with drawbacks such as multi step procedures, costly reagents, harsh reaction conditions, complex and tedious experimental procedures and low yields. Hence, there is still a need to develop efficient methods for the synthesis of 4(3H)-quinazolinones. 
Thus, there is need to develop a generally applicable, mild and environmentally benign practical methodology for the synthesis of quinazolinones. We have attempted the synthesis of 4(3H)-quinazolinones 53 from -amino acids 50, trialkyl orthoformate 51 and amines 52 by using La(NO3)3.6H2O or PTSA under solvent-free conditions (Scheme 12).





In conclusion, we have developed a simple and efficient three-component reaction of anthranilic acid, orthoesters and alkyl/aryl amines using La(NO3)3·6H2O or PTSA in solvent-free conditions for the preparation of 4(3H)-quinazolinones in single step. The mildness of catalysts, solvent-free conditions, faster reaction times (5-15 min), simple experimental procedure and excellent yields (82-98%) are the great advantages of the present protocol. The process is associated with the combined benefits derived from multi component reaction in solvent-free conditions. We feel that the present procedure will find important practical applications in the synthesis of 4(3H)-quinazolinones.

2. Synthesis of chiral tetrahydroquinolino pyranose derivatives catalyzed by  
    lanthanum(III) nitrate hexahydrate
Tetrahydroquinoline derivatives are an important class of natural and synthetic compounds, which have shown a wide range of biological activities, including antagonist activity on the NMDA receptor glycine site, antimalarial, antitumoral, antioxidant, and antagonist activity on the FSH receptor, hence a variety of approaches have been developed for synthesis of the tetrahydroquinoline skeleton. The chemistry of tetrahydroquinoline derivatives is interesting to organic chemists owing to the presence of these scaffolds within the framework of numerous biologically interesting natural products and synthetic pharmaceutical agents. The tetrahydroquinoline skeleton is present in many alkaloids, such as flindersine, orcine, and veprisine and derivatives of these alkaloids possess a wide range of biological activities such as psychotropic, antiallergic, anti-inflammatory, and estrogenic activities.
Therefore many synthetic methods have been developed for these classes of compounds. Most of the methods employed the hetero Diels-Alder method using different Lewis acids such as BF3.OEt2, ZnCl2, BiCl3 and InCl3 and Bronsted acids such as HBF4, CF3CO2H, TsOH and also mineral acids to produce 2,3-tetrahydroquinolinated pyranose derivatives. However, some of these methods are associated with drawbacks such as costly reagents, harsh reaction conditions, complex and tedious experimental procedures and low yields. Hence, there is still a need to develop efficient methods for the synthesis of tetrahydroquinolines.
At the outset, enantiopure 4,6-di-O-acetyl-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-enose 55 was reacted with aromatic amines 54  in the presence of lanthanum(III) nitrate hexahydrate (5 mol%) in acetonitrile at room temperature to yield the corresponding benzofused hetero bicycle 56 in 89% yield (Scheme 13 ).




In conclusion, we described a mild and efficient protocol for the synthesis of tetrahydroquinolino pyranose derivatives from 4,6-di-O-acetyl-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-enose and aryl amines using catalytic amounts of lanthanum(III) nitrate hexahydrate. This method has following advantages: requires less reaction time, gives high yields and ecofriendly, does not need expensive reagents or special care to exclude moisture from the reaction medium, and catalytic amounts of reagent to form corresponding products in excellent yields, which makes it a useful and important addition to the present existing methods.

3. Synthesis of poly-substituted quinolines via Friedlander hetero-annulation by using  
    silica supported perchloric acid
The quinoline ring system is found in several natural products (cincona alkaloids) and pharmacologically active substances displaying a broad range of biological activity. The biological activity of quinoline compounds has been found to possess antiasthmatic, antibacterial, anti-inflammatory, antimalarial, antileishmanial and antihypertensive properties. The core unit is also present in antitumor agents such as streptonigrin and luotonin. Because of their importance as substructures in a broad range of natural and designed products, significant effort continues to be directed into the development of new quinoline based structures and new methods for their construction. Various methods such as Skraup, Doebner von Miller, Friedländer and Combes methods have been developed for the preparation of quinoline derivatives. Among these methods, Friedländer annulation is a well-known method for preparing quinolines, and still it is considered as one of the most simple and straightforward approaches for the synthesis of poly-substituted quinolines and related bicyclic azaaromatic compounds. 
However, many of these procedures are not fully satisfactory with regard to operational simplicity, cost of the reagent, drastic reaction conditions, and relatively low yield. Therefore, a simple, general, and efficient procedure is still in demand for the preparation of these important heterocyclic compounds and continues to find a better and improved methodology.
Silica supported perchloric acid (HClO4-SiO2) has received considerable attention as an inexpensive, non-toxic and recyclable catalyst for various organic transformations, affording the corresponding products in excellent yields with high selectivity. However, to the best of our knowledge there has been no report on the use of HClO4-SiO2 for Friedländer quinoline synthesis. We observed that HClO4-SiO2 is an efficient catalyst for the synthesis of poly-substituted quinolines 59 through condensation/annulation reaction of 2-aminoaryl ketones 57 and carbonyl compounds 58 (Scheme 14).





In conclusion, we described a simple, efficient and practical method for the synthesis of quinolines and polycyclic quinolines through a one-pot two component coupling of 2-amino aryl ketones and β-keto esters or ketones by using heterogeneous solid, silica supported perchloric acid. This simple experimental and product isolation procedure combined with easy recovery and reusability of the catalyst is expected to contribute to the development of clean and environmentally benign strategy for the synthesis of quinolines.

4. Synthesis of 1,4-dihydropyridines using silica supported perchloric acid
Since the discovery of 1,4-dihydropyridines (1,4-DHPs) by Hantzsch in 1881, there has been continued interest in this heterocyclic nucleus, as these are analogues of nicotinamide adenine dinucleotide (NADH) coenzymes and an important class of drugs. The 1,4-DHP motif is found in a number of chemotherapeutic agents for the treatment of cardiovascular disease such as hypertension and angina pectoris, and in neuroprotectant and platelet anti-aggregatory agents, in addition to acting as a cerebral antischemic agent in the treatment of Alzheimer’s disease, and also as a chemosensitizer in tumor therapy.
The best-known procedure for the preparation of 1,4-dihydropyridines is the classical Hantzsch synthesis. This reaction involving the condensation of two molecules of a β-keto ester, one molecule of an aldehyde, and one molecule of ammonia. But some important types of derivatives, including N-aryl-1,4-dihydro pyridines and C5-C6-unsubstituted 1,4-dihydropyridines are not allow to synthesis by this method. Because of their biological activities and synthetic point of view some efficient routes have been developed. However many of these procedures having one or more disadvantages such as reflux at high temperature, long reaction times (55-85 h), require unusual starting materials, using toxic solvents and the formation side products, low yields, difficulties in workup.
Thus, there is need to develop a generally applicable, mild and environmentally benign practical methodology for the synthesis of 1,4-dihydropyridines. We have attempted the synthesis of 1,4-dihydropyridines (63) by the condensation of cinnamaldehyde(60), aromatic amines (61) and β-ketoesters (62) by using silica supported perchloric acid (Scheme 15).







           In conclusion, we described a simple, efficient and practical method for the synthesis of dihydropyridines through a one-pot three-component coupling of cinnamaldehyde, β-keto ester and aromatic amines by using heterogeneous catalyst, silica supported perchloric acid. This is simple method combined with easy of recovery and reusability of the catalyst is expected to contribute to the development of clean, cost effective, and environmentally friendly procedure for the synthesis of 1,4-dihydropyridines.
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